TITLE OF THE INVENTION 

ELECTROMAGNETIC SOUND PRODUCING DEVICE 

BACKGROUND OF THE INVENTION 

The present: Inven-tlon relalies t:o a sound producing 
device opera'ked by an electromagne't . 

A convent:ional small electroznagne'bic sound producing 
device having a permanen-b magnet: has a disadvan1:age such t:ha'b 
t:he device can not: be made int:o a t:hin t:hickness, since the 
magnetic force of the permanent magnet reduces to reduce the 
produced s ound . 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide an 
electromagnetic sound producing device which may be reduced 
in t:hickness without reducing the produced sound. 

According to t^e present invention, there is provided 
an electromagnetic sound producing device comprising a case, 
a yoke, a coil, a permanent magnet, and a diaphragm provided 
in the case, the permanent magnet being made of SmFeN-base 
isotropy plastic magnetic material . 

The permanent magnet has a cylindrical shape. 

The yoke has a center pole and is mounted on a base 
of the case, the coil has a cylindrical shape and is mounted 
on the yoke , surrounding the center pole . 

The diaphragm is mounted on the cylindrical permanent 
magnet . 

These and other objects and features of the present 
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invention will become more apparen-b from the following 
detailed description with reference to the accompanying 
drawings . 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is an exploded perspective view of an embodiment 
of an electromagnetic sound producing device of the present 
invention ; 

Fig. 2 is a perspective view of the device; 

Fig. 3 is a plan view showing inner construction of 
the device ; 

Fig. 4 is a sectional view of the device; 

Fig. 5 is a graph showing a magnetic characteristic 
of a permanent magnet provided in the device; 

Fig. 6 is a sectional view of the device of a second 
embodiment of the present invention; and 

Fig. 7a to 7c are plan views showing inner construction 
of the second embodiment at different assembling steps . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Figs . 1 through 4 , the electromagnetic 
sound producing device of the first embodiment of the present 
invention has a case 1 comprising an upper case A, and lower 
case 6 which are made of plastic. In the case 1^ a yoke 16, 
cylindrical coil 18, cylindrical permanent magnet 20 and 
diaphragm 22 are provided. 

The lower case 6 has'a circular recess 6a surrounded 
by an annular projection 6g. A projection 6b is projected 



£rom the periphery of the recess 6a in a radial direction. 

Four terminals 8, 10, 12 and 14 are embedded in the 
lower case at four corners by the insert molding. Outer end 
portions 8a and 10a of the terminals 8 and 10 are projected 
from the lower case 6. Inner end portions of the terminals 
8 and 10 are projected from the projection 6b to form connecting 
portions 8b and 10b. 

In the recess 6a, the yoke 16 is securely mounted. The 
yoke 16 has a center pole 16c and a recess 16b which engages 
with the projection 6b of the lower case 6. The yoke and 
the center pole 16c are made of magnetic material. 

The cylindrical coil 18 is mounted on the yoke, 
surrounding the center pole 16c. Two lead wires 18a and 18b 
are drawn from the coil 18 and connected to the connecting 
portions 8b and 10b so that the coil 18 can be connected to 
an outside driving circuit through the terminals 8 and 10 . 

The cylindrical permanent magnet 20 is mounted on the 
yoke 16, surrounded by the annular projection 6g of the lower 
case 6. The permanent magnet 20 has an annular projection 
20a at a peripheral portion of the top surface thereof. The 
diaphragm 22 having an armature 22a is mounted on the top 
surface of the permanent magnet 20 surrounded by the annular 
projection 20a. 

The upper case 4 has four recesses 4a at four corners 
and has a sound discharge opening 4b. As shown in Fig. 4, 
the upper case 4 is mounted on the lower case 6 and adhered 
thereto, and the four terminals 8, 10, and 14 are upwardly 
bent into the recess 4a as shown in Fig. 2. Thus, the sound 



producing device is assembled. 

The permanent: magne'k 20 is made of SmFeN-base iso1:ropy 
plas-tic ma-berial . The plast:ic plai:e for preparing -the 
permanen-b magnet 20 can be molded by t:he injectiion molding 
because the plastiic is isot:ropic. Af'ter -the molding of the 
plastic plate, the plastic plate is magnetized in a necessary 
direction . 

In the sound producing device of the present invention, 
there is provided resonating rooms at four corners 2d and 
between the diaphragm 22 and the upper case 4 . The sound 
pressure produced by the diaphragm 22 is increased in the 
resonating rooms, and discharged from the discharge opening 
4b. 

Amagnetic circuit from the permanent magnet 20 is formed 
by passing through the yoke 16, the center pole 16c and the 
diaphragm 22 . When a driving current is applied to the coil 
18, the driving magnetic flux by the coil 18 is added to the 
bias magnetic flux in the magnetic circuit, tiiereby changing 
the magnetic attraction force for the diaphragm. Thus, the 
diaphragm 22 is vibrated to produce sounds . 

Fig. 5 is a graph showing the magnetic characteristic 
of the permanent magnet 20 of SmFeN-base isotropy plastic. 
The abscissa represents the strength of a reduction magnetic 
field and the ordinate represents the density of the magnetic 
flux. The curve S represents magnetic characteristic at the 
temperature of 25° C. As shown in the graph, the density of 
the magnetic flux does not reduce , thereby holding a sufficient 
magnetic energy (BHmax =32.0 MGOe) . Consequently, if the 



ma^ne'b 20 ±s made xnlio a pla'be hav±ng^ a small size and "bhln 
thickness, the magnetic force of the permanent magnet 20 Is 
not reduced by the magnetic circuit. Thus, It Is possible 
to Increase the sound strength discharged from the sound 
discharge opening 4b of the small sound producing device . 

Referring to Figs . 6 to 7c showing the second embodiment 
of the present Invention, the device of the second embodiment 
comprises upper and lower cases 25 and 26, a yoke 27, 
cylindrical coll 28, cylindrical permanent magnet 30 and 
diaphragm 31 . 

The lower case 26 made of plastic has a circular recess 
26a surrounded by an annular projection 26b. A projection 
26c Is projected from the periphery of the recess 26a In a 
radial direction . 

A pair of terminal holes 32 are formed In the lower 
case 26 at an end portion, penetrating the lower case 26 from 
the upper surface to the underside. A pair of terminals 33 
are embedded In the lower case 2 6 by the Insert molding . One 
end of each of the terminals 33 Is exposed from the upper 
surface of the lower case, and the other end Is exposed In 
the terminal hole 32 as a terminal connecting portion 33a . 
In each hole 32, a spring terminal. 35 Is Inserted, and the 
upper end thereof Is soldered to the terminal connecting 
portion 33a of the terminal 33 In the. hole 32 . 

In the recess 26a, the yoke 27 Is securely mounted by 
an adhesive 40 provided In a hole 41 formed In the bottom 
of the recess 26a. The yoke 27 has a center pole 27a and 
a recess 27b which engages with the projection 26c of the 



lower- case 26. The yoke and "the centier pole 27a are made 
o£ magne'txc mat:erial . 

The cylindrical coll 28 Is moun-bed on t:he yoke, 
surrounding -the cen-ter pole 27a. Two lead wires 28a and 28b 
ar-e drawn from -the coll 28 and soldered -bo -the Inner ends 
of the terminals 33 exposed from the upper surface of the 
lower case 26, so that the coll 28 can be connected to an 
outside driving circuit through the terminals 33 . 

The cylindrical permanent magnet 30 Is made of 
SmFeN-base Isotropy plastic magnetic material and mounted 
on the yoke 27, surrounded by the annular projection 26b of 
the lower case 6. The diaphragm 31 having an aramature 37 
Is mounted on the top surface of the projection 26b of the 
lower case 26. 

The upper case 25 has a sound discharge opening 38 . 
The upper case 25 Is mounted on the lower case 26 and adhered 
thereto. Thus, the sound producing device Is assembled. 

In accordance with the present Invention , the permanent 
magnet Is made of SmFeN-base Isotropy plastic magnetic 
material which holds a density of magnetic flux. Therefore, 
an electromagnetic sound producing device having a large sound 
strength In spite of a small size and a thin thickness can 
be provided. 

While the Invention has been described In conjunction 
with preferred specific embodiment thereof. It will be 
understood that this description Is Intended to Illustrate 
and not limit the scope of the Invention, which Is defined 
by the following claims . 



